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How the constantly renewing epidermis maintains its homeostatic state remains a 
mystery. A "negative feedback" mechanism of control with chalone , a tissue-specific, 
species-nonspecific inhibi tor of mitosi s, has been suggested by Bullough and Laurence. 
Progress in isolating, purifying, and characterizing epidermal chalone has been slow and 
difficult because of the lack of a fast, accurate, and meaningful assay system. A G 2 assay 
(depend ing upon mitotic counts) was used to obtain the data which served as the basis for 
postulating the existence of a chalone. Since a control point within the G I phase of the cell 
cycle is cons idered to be the one with physiologic implications, in vivo and in vitro assays 
with pure primary epidermal cell cu ltures have been used to investigate a G I block. The 
incorporation of tritiated thymidine into DNA is often used as a measure of the rate of 
proliferation. However, inhibition of thymidine transport and phosphorylation have been 
encountered in several systems and negate th is method as an accurate measure of cell 
proliferation. 
GENERAL BACKGROUND 
How a constantly renewing tissue, such as the 
epidermis, maintains the proper proportion of 
proliferating and differentiating cells is an intrigu-
ing question which remains unanswered. What will 
be discussed here is the background of the chalone 
concept, our current research into the problems 
connected with the assay systems, and our per-
sonal opin ion of the present status of "chalone." 
Weiss and Kavanau [1] had proposed a " negative 
feedback mechanism" involving a "template-an-
t itemplate system" as a method for controlling the 
rate of cell proliferation . Bullough and Laurence 
(2] also invoked a "negative feedback mechanism" 
as the method by which a tissue such as the 
epidermis eould maintain its correct size, thick-
ness, and proportion of differentiating and prolifer-
ating cells and still be able to repair the localized 
damages that occur after wounding. A tissue-
specific inhibitory molecule was suggested as the 
implemen t for t his fine control. Bullough [3] rein-
troduced the Greek word "chalone," which means 
"to make slack," to identify the tissue-specific, 
species-nonspecific inhibitor of mitosis. 
Early attempts to purify the epidermal cha lone 
from aqueous extracts of mouse skin by ethanol 
fractionation established adrenalin as a cofactor 
for the full inhibitory activity [4]. A more extensive 
purification from whole pig skin indicated that the 
ability of the extract to inhibit mitosis was proba-
bly associated with a glycoprote in with a molecular 
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weight of approximately 30,000 and an isoelectric 
point between 5 and 6. The activity was stable at 
low pH and to pepsin digestion but it was de-
stroyed by alkaline treatment or trypsin digestion 
[5] . During these purification procedures, only a G 2 
assay was used since the incubations were for a 
5-hr period with a mitotic count as the end point of 
the assay. 
Since that time, several other laboratories have 
attempted to purify epidermal chalone [6-8 ] and 
to establish whether its site of action is in the GI 
and/or the G 2 phase of the cell cycle [9,10 ]. A G I 
inhibitor has been found in the more differentiated 
layers of the epidermis [11] and a G 2 inhibitor is 
believed to be located primarily in the basal layer 
(12] . Since inhibition during the G I phase of the 
cell cycle is presumed to be the important control 
point for cell proliferation (13-15], the molecule(s) 
responsible for th is inhibition should be true 
epidermal chalone. 
Since t he chalones have some similarities to 
hormones with respect to the control of certain cell 
functions (i .e., proliferation vs differentiation) , 
Iverson [16] suggested that the chalone effects may 
be mediated through the cyclic AMP system just 
as the effects of epinephrine or isoproterenol are 
mediated through this system. The chalone may 
interact with the adenyl ate cyclase to stimulate 
the enzyme to 'produce sufficiently high levels of 
cyclic AMP and thus maintain the ratio of cyclic 
AMP to cyclic GMP within a range that maintains 
epidermal homeostasis. A defect in the chalone-cy-
clic AMP cascade was suggested as a possibly 
important factor in the proliferative sk in disease 
psoriasis [17,18] in add ition to the obvious implica-
t ions in malignant growth. Although the chalone 
concept is intriguing and is potentially useful for 
the treatment of disease, progress in isolating, 
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p urify ing, and characterizin g chalones in genera l 
has been slow because of the lack of a rap id , 
sensit ive, and meaningful assay system for chalone 
activity. 
ASSAY SYSTEMS FOR ESTABLISHING 
CHALONE ACTIVITY 
Two types of assay systems have been used to 
test chalone activity : (1) in vivo and (2) in vitro 
(both cell cu lture and modified orga n cul tu re). T he 
in vivo assay system involves the int raperitoneal or 
subcutaneous injection of t he material to be tested 
into mice or other small an imals. Approx imate ly 
30 min before sacrifi ce, t he an imals are injected 
with 1 ).LCi of [3H ]thymidine (TdR) per gram body 
weight. The epidermis is removed with a keratome 
or by scraping with a scalpel. T he data are 
expressed as cpm!/l-g of DNA. In some cases, other 
tissues such as liver or spleen are also analyzed to 
determine whether any observed inhibitory effects 
were due to nonspecific cytotoxic ity or whether a 
t rue tissue-spec ific inhibitory process had oc-
curred. 
The in vitro assay systems utilize cell culture or 
modified organ cul t ure. The latter system uses 
small pieces of t issue which are incubated for 5 hr 
in a physiologic salt solu tion at 37°C with the test 
material in the experimental f1ask. Colcem id or 
colchicine is added for the term inal 4 hr of incuba-
t ion, the t issue samples are fixed and sect ioned , 
and t he mitotic figures are coun ted . This assay 
system, which measures inhibition at t he G 2 phase 
of the cell cycle, was used by Bullough and 
co-workers to invest igate chalone activity . S ince it 
is generally accepted t hat the prim ary control 
point for the comm itment to differentiate or prolif-
erate occurs in G" this assay is of minimal 
physiologic significance un less t he molecule is 
functional in both G \ and G 2 • 
Recently a cell culture system has been used in 
our laboratory to evaluate cha lone activity . The 
method for isolat ing ep iderm al cells is modified 
from those of F usenig [19) and Yuspa and Harris 
[20]. The skins from newborn BALB/c mice are 
floated on 0.25% trypsin in Hank's balanced salt 
solution for 20 hr a t 4°C. The epiderm is is re-
moved and then dissociated into ind ividual cells 
or clumps of ceJls by agitation for 30 min at 
37°C. Epidermal cells are separated from the 
contam inati ng fibroblasts by di scont inuous density 
gradient centrifugation in Ficoll and then plated in 
Falcon plast ic T-75 fl asks conta ining 10 ml of 
Medium 199 supplemented with 13% fetal calf 
serum . The cells have been characterized as pure 
epidermal cells by light and electron microscopy, 
leucine aminopeptid ase activity, and various 
stains for the presence of kerat in-like material or 
keratohyalin. 
Two different protocols have been used to assay 
chalone activ ity in the cultures of ep idermal cells 
and fibroblasts. Initially, chalone and TdR (1 
ILc/mt) were added to t he ep iderm al cells and the 
fibroblasts at the time the cells were plated; at 72 
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hr, addit iona l TdR and chalone were added. The 
ce lls were harvested at the end of 6 days and the 
cpm!).Lg of DNA was determined. The second 
protocol called for the addi t ion of the cha lone 
fract ion 48 hr after plating with a 3-hr terminal 
label with TdR and the ha rves t of cells 20 hr after 
the addition of the chalone. 
T he chalone fract ion used most extensive ly in 
our investigation was obta ined from the heat-
separated epidermis of newborn rats. The ep ider-
mis was homogenized in a Polytron, centrifuged at 
17,000 x g, and the resultant pellet was solubilized 
in 0.5% sod ium dodecylsulfate . After centrifuga-
tion at 17 ,000 x g to remove the rem aining solid 
materia l, the superna tant fraction was dialyzed 
extensively and chromatographed on Bio-Gel P-30 
column . The fraction eluting near the void volume 
was the fraction tested for a chalone activity. 
PROBLEMS ASSOCIATED WITH THE ASSAY SYSTEM 
Since all t he assays ut ilized for assessing inhibi-
t ion in the G \ phase of the ce ll cycle both in our 
laboratory and in others rely upon [3H )TdR incor-
poration into DNA, it is important to ensure that 
the transport of the TdR in to the cells, the phos-
phoryl a tion of the TDR to the mono-, di- , and 
tr i-phosphate der ivatives, and the size of the 
thymidine pool in the cells are unaffected by the 
material being tested. If the rad ioact ivi ty in the 
acid-soluble fraction (contains the precursors used 
in DNA synthes is) is expressed as coun ts per 
minute (cpm) per optical density (OD) uni ts at 260 
nm, then an indication of the ex istence of a 
problem in l3H ]TdR transport can be obta ined. 
Alterations in the degree of phosphorylation can be 
checked by various chromatographic techniques . 
There is ample ev idence in the li terature to 
document t he problems associated with the TdR 
method. In some cases, t he decreased incorpora-
tion of [3H )TdR into the acid-insoluble m aterial 
after the addition of t he test compound reflects 
changes in the transport of thymidine into the cell 
rather than a decrease in the rate of prol iferation 
(21 ). A 75% decrease in tritium in the ac id -soluble 
fraction was observed without any change in gener-
ation t ime or percent of cells in the S phase of the 
ce ll cycle or the rate of entry of ce lls into the S 
phase [21]. In other instances, t he pool size was so 
depleted that an increase (152%) above cantral l 
levels of [3H)TdR incorporat ion into DNA was 
observed (ind icating a possible increased rate of 
proliferation ) while cell proliferation was decreased 
to 43% of the control values as determined by 
actual cell coun ts [22]. In a third example, a 
decrease in TdR incorporat ion in to DNA was 
corre lated wi th a decrease in cell pro liferation after 
the add it ion of tissue extracts [23 ). However, th~ 
changes in TdR incorporation and the changes ill 
cell count were not equivalent when a dose-reo 
sponse type of experiment was carri ed out. A 15% 
decrease in [3H)TdR incorporation occurred at 8 
concentration of added protein that resulted in 
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more t han a 50% decrease in ce ll coun t in compari-
son to the control cul ture [23]. 
In our la boratory, simila r difficu lt ies have been 
encountered in assay ing the cha lone content of the 
epidermal extracts. Both the epidermal ce ll s and 
dermal fibrob lasts have been used to determine the 
degree to which ti ssue spec ificity occurs. After we 
had added t he presumptive cha lone fraction (Peak 
I eluant from the Bio-Gel P-30 co lumn ) to the 
epiderm al cell cultures , using the ini t ia l protoco l 
for the times of add ition , t he spec ific radioactiv ity 
in t he acid -solu ble pool (cpm/ OD uni t 2G o) re-
mained t he same in both t he control and experi -
me n tal f1 as ks. A decrease in t he cpm/Jlg of DNA in 
the experimental fl as ks correlated visua lly with a 
decreased number of cells per !1ask after 6 days in 
cul t ure . However, qui te different results were ob-
tained with t he fibroblast cultures. Visua lly there 
was no inhi bition of cell proliferation but t here was 
a marked inhibi tion (45 9'0) of [3H]TdR in corpora -
tion in to DNA, and a ma rked decrea e in the 
radioactiv ity in the ac id-solu bl e pool a lso occurred. 
T he shorter-te rm cul ture system (the second 
protocol) was t hen ini t iated. Forty-e ight hours 
after p lat ing, the ce ll s were exposed for 17 hr to 200 
Jl.g of protein from the Bio-Gel P-30 Peak I elu ant 
pe r ml of cul ture medium followed by 1 Jl C of 
[3H ]TdR per m l for a 3-hr termina l labeling period. 
T he resul ts obta ined wi th epidermal cells were t he 
sam e as in the prev ious study. T he ac id -so lu ble 
pool was unaffected but the [3H ]TdR incorporation 
into DNA in the experimenta l !1asks dec reased . 
Column chromatography of the ac id -solu ble fra c-
t ion on AG 1-X2 res in indicated t hat 60 to 70% of 
the counts rema in as TdR or TMP in both experi -
menta l and control samples with a tota l recovery of 
70 to 80% of the ini t ial coun ts applied to the 
column . 
The resul ts obta ined with the fibroblasts in t he 
short-term cu lt ures once aga in showed a decreased 
amoun t of trit ium in the ac id-soluble fraction. 
Chromatography of t hese samples on AG 1-X2 
columns revea led that the counts in the cont rol 
cultures were assoc iated prim arily with the frac-
tion chromatographing as thymidine diphosphate 
or thym idine tr iphosph ate (50- 60% of the re -
covered coun ts) , but the recoveries from the col-
umns were low. In contrast, chro matograp hy of the 
acid-soluble fra ction from the expe rimenta l ce ll s 
revealed that the co unts applied to t he columns 
eluted primarily in the fr actions contain ing TdR or 
TMP rather than the more phosphorylated deri va-
tives of t hymidine. Therefore, it appears that in 
the fibrobl ast cu ltures, t he fraction conta ini ng 
epiderm al chalone in terfe res not only with the 
transport of [3H]TdR in to the ce lls (reduced cpm 
in t he ac id-so lubl e fr action) but a lso with the 
phosphorylation to t he tri - and di -phosphate nu -
cleotides. The inhibition of [3H ]TdR in to the DNA 
of the fibrob lasts did not appear to affect t he rate 
of proliferation s ince t he experimenta l fl asks reach 
con fluency in the same time period as the cont rol 
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cul tures. Thus, the assay system is st ill one of 
the most difficul t problems faced by those en-
gaged in chalone research . To our knowledge, 
other laboratories engaged in epidermal chalone 
research have not exa mined th is critical issue. 
Unt il the problems connected with the assay 
have been reso lved, the purification and charac-
te ri zation of the cha lone become diffi cult, if not 
impossibl e, to accompl ish. 
We wish (,0 thank Di ane Ar, Judith Lawton, and Dr. 
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